ABSTRACT: A method for cobalt-catalyzed, aminoquinolinedirected ortho-functionalization of sp 2 C−H bonds with alkenes has been developed. Reactions proceed at room temperature in trifluoroethanol solvent, use oxygen from air as an oxidant, and require Mn(OAc) 3 as a cocatalyst. Benzoic, heteroaromatic, and acrylic acid aminoquinoline amides react with ethylene as well as mono-and disubstituted alkenes affording products in good yields. Excellent functional group tolerance is observed; halogen, nitro, ether, and unprotected alcohol functionalities are compatible with the reaction conditions.
T ransition-metal catalyzed coupling of sp 2 C−H bonds with alkenes is perhaps one of the earliest synthetically useful C−H bond functionalization reactions. 1 Pioneering reports by Fujiwara, 2 Lewis, 3a and Murai 3b have disclosed alkene and arene hydroarylation methodology. Following these discoveries, a substantial number of arene/alkene couplings have been developed. Currently, even directed, selective meta-functionalization of arenes is possible. 4 However, most of the catalytic processes employ scarce second-row transition metal catalysts.
5
Relatively few papers describe use of cobalt-or nickel-catalyzed arene C−H functionalization by alkenes.
6 Furthermore, the scope of the transformations is often limited, as acrylates, vinylsilanes, or styrenes are the most commonly employed coupling partners. Use of other functionalized alkenes or olefins that are prone to double bond migration, 5o such as 1-butene, is rare. 5a,n,t,u,6b,d In 2005, we introduced 8-aminoquinoline, picolinamide, and 2-pyridinylmethylamine auxiliaries for palladium-catalyzed C−H bond arylation by aryl iodides.
7a,b The auxiliaries were subsequently used for copper-catalyzed sp 2 C−H bond sulfenylation, amination, fluorination, and etherification. Others have extensively used bidentate, monoanionic directing groups for palladium-, ruthenium-, iron-, and copper-catalyzed reactions.
8 Furthermore, we have recently reported cobaltcatalyzed aminoquinoline-and picolinamide-directed coupling of alkynes with sp 2 C−H bonds. 9 Excellent functional group tolerance was observed, and both internal and terminal alkynes are competent substrates for the coupling. The reaction employs Co(OAc) 2 ·4H 2 O as a catalyst, Mn(OAc) 2 as a cocatalyst, and oxygen from air as a terminal oxidant (Scheme 1). It is likely that alkenes would also participate in similar coupling reactions, since both alkenes and alkynes can insert into Co(III)−C bonds.
10
Relevant low-valent cobalt-catalyzed, directed hydroarylation of arenes has been described by Yoshikai.
6c−e Chatani has reported ruthenium-catalyzed ortho-alkylation of aminoquinoline amides by electron-deficient alkenes. 8d We report here a method for cobalt-catalyzed, aminoquinoline-directed sp 2 C−H bond coupling with alkenes. Based on previous results, 9 we decided to use readily available cobalt(II) catalysts in trifluoroethanol solvent and sodium pivalate base. The reaction optimization was carried out with respect to the catalyst, reaction temperature, and cooxidant (Table 1) . Cobalt(II) acetate is an inferior catalyst compared with Co(acac) 2 (entry 1 vs 2). Silver nitrate (entry 2) and Mn(OAc) 3 ·2H 2 O (entry 5) are competent cooxidants, while Mn(OAc) 2 is somewhat inferior (entry 4). Reaction under air without a cooxidant affords low conversion (entry 3), while the presence of a Co catalyst is essential (entry 6). The reaction can be performed at room temperature, and nearly complete conversion was observed (entry 7).
The reaction scope with respect to amides is illustrated in Table 2 . Electron-poor (entries 2−5) as well as electron-rich (entries 6, 7) amides are reactive. A number of functionalities, such as a bromine, iodine (entries 3, 5), and nitro moiety (entry 4) are compatible with the reaction conditions. Furthermore, heterocyclic amides such as furane and thiophenecarboxylic acid derivatives (entries 8 and 9) are reactive affording coupling products in good yields. For electron-rich and heterocyclic amides, 1 equiv of cooxidant is necessary to obtain reasonable reaction rates.
The reactions are not limited to aromatic amides. Aminoquinoline amides of cinnamic and methacrylic acids can be coupled with styrene to afford compounds 4 and 6 in good yields (Scheme 2).
Recently, Chen has reported a modified 8-aminoquinoline auxiliary that can be removed by treatment with ceric ammonium nitrate.
11 8-Amino-5-methoxyquinoline benzamide can be coupled with styrene to give product 8 in excellent yield (Scheme 3). The auxiliary can be cleaved affording heterocycle 9 in 66% yield.
The reaction scope with respect to alkenes is presented in Table 3 . Ethylene is reactive giving a dihydroisoquinolinone derivative in 72% yield (entry 1). Interestingly, 1-butene affords the product as a 10/1 regioisomer mixture (entry 2) representing a relatively rare example of isomerizable alkene use in C−H/ alkene coupling. In all other cases, only a single isomer of product was observed. The reaction tolerates a free hydroxyl group (entries 3, 7, and 8) . Ether is also compatible with the reaction conditions (entry 4). Cyclic disubstituted alkenes such as cyclopentene and cyclooctene can be coupled in good yields (entries 5 and 6). E-Cinnamyl alcohol affords the trans-product in 53% yield. Interestingly, Z-cinnamyl alcohol also gives the trans-product in nearly identical yield (entry 8). Unreacted cinnamyl alcohol from entry 8 was recovered as a mixture of cis and trans isomers.
In conclusion, we have developed a simple method for cobaltcatalyzed, aminoquinoline-directed coupling of sp 2 C−H bonds with alkenes. Reactions proceed at room temperature in trifluoroethanol solvent, use oxygen from air as an oxidant, and require Mn(OAc) 3 as a cocatalyst. Benzoic, heteroaromatic, and acrylic acid derivatives can be reacted with ethylene as well as mono-and disubstituted alkenes affording products in good yields. Excellent functional group tolerance is observed.
Detailed experimental procedures and characterization data for new compounds. This material is available free of charge via the Internet at http://pubs.acs.org.
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